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Ultrasonography in Hemodynamically
Unstable Abdominal Trauma Patients
Chin-Ming Chen and Hao-Chin Liaw
Background: A previous study has suggested that emergency laparotomy should
be performed in all patients with ultrasound abnormalities plus hemodynamic instability.
In this study, we retrospectively reviewed data for patients with blunt abdominal
trauma and unstable hemodynamics to determine whether emergency laparotomy
is necessary.
Materials and Methods: We collected data from blunt abdominal trauma patients
with hemodynamic instability treated at Chang-Gung Memorial Hospital between
January and December 1998. All patients received essential resuscitation treatment
and underwent emergency ultrasonographic survey by a senior resident or attending
physician. Further management was decided from clinical manifestations and further
survey, including enhanced abdominal computed tomography, diagnostic peritoneal
lavage, and direct laparotomy. Final diagnosis was made from clinical follow-up
data, enhanced computed tomography and surgical findings.
Results: Free peritoneal fluid was detected in 11 of the 12 patients (92%). The
other patient had a lacerated spleen. Lacerations of the liver were diagnosed in three
patients and lacerations of the spleen in three. One patient each had a ruptured spleen
and ruptured urinary bladder. Seven patients underwent immediate laparotomy and
five patients received conservative therapy. All patients survived.
Conclusion: Emergency ultrasonography is an efficient and safe tool to evaluate
patients with suspected blunt abdominal trauma and hemodynamic instability. It is
the first choice in blunt abdominal trauma.
(J Med Ultrasound 2003;11:66–70)
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INTRODUCTION
Ultrasonography (US) is increasingly important for
the initial diagnostic assessment of blunt abdominal
trauma (BAT). In the emergency setting, examination
in four standard planes (focused assessment with sono-
graphy for trauma, FAST) is used to detect free intra-
peritoneal fluid, which indicates organ laceration(s).
The liver and spleen are most frequently affected
by blunt forces, with incidences of injury varying
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between 20% and 60% [1–3]. Modern ultrasound
equipment enables the detection of collections of
fluid that are as small as 10 mL to 15 mL close
to lacerated viscera [4]. Serial follow-up soon after
the injury is important to make optimal decisions.
Intra-abdominal injuries are difficult to assess
clinically due to dynamic changes and trivial
differences that present initially. The FAST
examination provides an excellent test. Diagnostic
peritoneal lavage (DPL) and computed tomography
(CT) are considered the standard modalities to
evaluate patients with BAT [5–7]. DPL is helpful
when deciding to choose laparotomy in hemo-
dynamically unstable patients, but it is invasive,
associated with complications, and requires technical
expertise [8, 9]. CT may provide more precise
information about the severity of injuries if the
patient can tolerate the scanning procedure [10, 11].
US, another diagnostic tool for evaluating BAT, can
be performed rapidly, repeatedly, and is mobile and
non-invasive. It has been widely used in Europe and
Japan since the 1980s [12, 13]. US has high sensitivity
in detecting intraperitoneal fluid collection. US or
serial US may be able to replace DPL and CT in
evaluating patients with unstable vital signs [14–19].
In this study, we share our experience.
MATERIALS AND METHODS
We collected the records for trauma patients admitted
to Chang-Gung Memorial Hospital between January
and December 1998 with the initial presentation of
BAT and unstable hemodynamic status with no other
obvious major injury. We defined a hemodynamically
unstable condition as one of the following: systolic
blood pressure of less than 90 mmHg, pulse rate
greater than 100/min, or respiratory rate more than
30/min after initial essential resuscitation with 4 L
Ringer’s lactate or 20 mL/kg colloid fluid, if
necessary, including blood transfusion [20].
Chang-Gung Memorial Hospital Linko Medical
Center is a tertiary medical center with a mobile
US machine in the emergency department. Indications
for US were suspected BAT and unexplained
hemodynamic instability. Most US operators had
received only a few hours of US instruction. The
areas assessed were the right hepatorenal recess and
surrounding area, the left splenorenal fossa and
surrounding area, the subxiphoidal view including
the cardiac and pericardial areas, and the pelvic area.
Positive findings included ascites with no previous
causes of ascites formation such as liver cirrhosis.
All patients meeting these criteria underwent initial
evaluation by a senior resident or attending physician.
Evaluation included physical examination, blood
alcohol concentration, US, DPL, and CT. Airway
management, cervical spine immobilization, and
treatment of breathing abnormalities were initiated
as necessary. Oxygen was initially given by nasal
cannula (2–4 L); additional oxygen was supplied by
face mask. Intubation was available in case the
hemodynamic instability persisted or there was
uncontrolled difficulty in breathing. Two or more
large-bore peripheral lines were routinely inserted.
A warm crystalloid bolus (1–3 L) and emergency
blood transfusion with O-negative or type-specific
packed red blood cells (4 units) were given immediately.
We excluded patients with significant hemorrhage,
such as a large laceration or cutting wound over the
extremities or trunk, or long-bone fracture. Final
diagnosis was made from follow-up data at 6 to 12
months, and from CT, diagnostic laparotomy or
surgical findings. Patients were followed
intermittently in the outpatient clinic or by telephone
until August 2002. No patient had a missed diagnosis
or mismanagement.
Indications for laparotomy were: persistent
instability despite resuscitative fluid and blood in a
patient whose shock was not explained by injury to
other organ systems; major organ injury that the
surgeon expected not to resolve spontaneously,
e.g. Grade III or more liver laceration; unexplained
blood loss; persistent peritoneal signs; significant
gastrointestinal bleeding; evidence of diaphragmatic
rupture; abdominal wall disruption.
RESULTS
Twelve patients were included, 10 men and two
women, with an average age of 41.5 ( 20.0 years
(range, 4–82 years). US showed that 11 patients had
free fluid in the peritoneum, three patients had liver
injury, three had splenic injury, and four had isolated
free fluid without organ injury. All patients survived.
Seven patients underwent surgical intervention and
five received conservative management (Table).
All patients had been involved in motor vehicle
accidents. One patient had a single lesion. Most
associated injuries were mild or not life-threatening.
Six patients had rib fracture found from an abnormal
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initial abdominal examination. All other patients had
a normal initial abdominal examination. One patient
had hematuria. Eight patients with closed head injury
had a negative non-contrast brain CT; only one
experienced initial loss of consciousness. Eight
patients had chest injury, two with minimal hemo-
thorax and six with non-tension pneumothorax. One
child had a stable pelvis fracture with minimal
retroperitoneal hemorrhage.
Ten patients underwent CT but no patients
underwent DPL. CT revealed eight patients with
liver lacerations, three with a spleen injury (laceration,
hematoma, or rupture), and one with urinary bladder
rupture. Five of the 10 patients underwent laparotomy
according to CT findings and clinical manifestations.
Two patients with persistent unstable hemodynamic
status underwent immediate laparotomy. All patients
were discharged uneventfully.
DISCUSSION
Except in certain rare circumstances, the first priority
in trauma patients with hemodynamic instability is
to treat hypovolemic shock. While searching for the
etiology of the hypovolemic shock, it is important
to assume BAT or pelvic injury except when there
is an obvious fracture or large laceration on the trunk
or extremities. Portable chest roentgenography could
reveal hemothorax or pneumothorax.
All 12 patients with hemodynamic instability in
our study underwent emergency US. Eleven patients
(92%) had free peritoneal fluid on US. The other
patient, who had a splenic laceration, had no positive
US findings, possibly because it was too early to
perform FAST. US results guided further
management, such as abdominal CT or immediate
laparotomy. Five patients (42%) underwent CT fol-
Table. Ultrasound (US) findings and diagnoses in all collected patients
Age Blood pressure Pulse US findings Management and final diagnosis
(yr)/Sex (mmHg) (bpm)
80/M 93/67 160 Free fluid, Conservative treatment, splenic
splenic laceration on abdominal CT
hematoma
38/M 138/61 138 Free fluid Conservative treatment, liver
laceration on abdominal CT
31/M 134/76 110 Free fluid, Laparotomy, splenic rupture
splenic hematoma
4/F 80/50 150 Free fluid, Laparotomy, urinary bladder
thick urinary rupture
bladder wall
19/M 100/76 120 Free fluid, Laparotomy, liver laceration
liver hematoma
33/M 91/56 150 Free fluid Laparotomy, liver laceration
45/M 78/36 66 Free fluid, Laparotomy, liver laceration
liver hematoma
61/M 109/78 103 Splenic laceration Conservative treatment, splenic
laceration on abdominal CT
34/M 102/55 106 Free fluid, Conservative treatment, liver
liver hematoma laceration on abdominal CT
57/F 76/48 51 Free fluid Laparotomy, liver laceration
38/M 129/61 138 Free fluid Laparotomy, liver laceration
60/M 138/68 110 Free fluid Conservative treatment, liver
laceration on abdominal CT
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lowed by conservative treatment with more vigorous re-
suscitation to avoid unnecessary surgery. Seven patients
(58%) underwent life-saving surgical procedures.
In addition to free peritoneal fluid, we found
solid organ lacerations, such as in the spleen.
Emergency US has good sensitivity in unstable BAT
patients, but there is still the possibility of a false-
negative result. Our patient with a false-negative US
result had incomplete hemoperitoneum, accumulating
around the omentum, which may have enlarged
while the hematoma increased in size above the
spleen capsule. Serial or repeated US could have
identified this splenic laceration.
Experts generally agree that abdominal US is the
crucial examination for a patient with suspected
BAT. Identifying free fluid in the peritoneum or
pelvis is the main goal of US. US rapidly and
reliably detects intra-abdominal hemorrhage but can
fail to reveal retroperitoneal injury in some cases.
In comparison to DPL and CT, emergency US is
easier to perform, non-invasive, less time-consuming,
and can be used repeatedly. DPL has sensitivity,
specificity and accuracy of 87–99% [21–23], 97–
98% [22, 23], and 95–99% [22], respectively. For
CT, these are 74–97% [23], 92–99% [23], and 92–
99% [23], respectively. For US, these are 83–87%
[24], 97–100% [9, 25], and 97–98%, respectively.
Complications are common with DPL and CT,
such as laceration of the iliac or mesenteric veins,
perforation of the intestines, and perforation of the
urinary bladder in DPL, and chemical pneumonitis
and allergic reaction to the contrast media in CT.
Emergency US is the examination of choice for
suspected BAT with hemodynamic instability. The
American College of Surgeons Committee on Trauma
suggests that FAST be included in the BAT protocol
[20], with which the Advanced Trauma Life Support
1997 edition agrees [26].
This is a preliminary survey in critical hemo-
dynamically unstable patients who need a safe, simple
and rapid tool to identify intra-abdominal hemorrhage.
In Taiwan, we suggest that US examination tech-
niques be included in training programs. The
availability of portable US machines means that US
may be viewed as another stethoscope.
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